Why always lysine? The ongoing tale of one of the most modified amino acids.
The complex physiology of living organisms must be finely-tuned to permit the flexibility required to respond to the changing environment. Evolution has provided an interconnected and intricate array of regulatory mechanisms to facilitate this fine-tuning. The number of genes cannot alone explain the complexity of these mechanisms. Rather, signalling is regulated at multiple levels, from genomic to transcriptional, translational and post-translational. Post-translational modification (PTM) of proteins offers an additional level of regulation after protein synthesis that allows a rapid, controlled and reversible response to environmental cues. Many amino acid side chains are post-translationally modified. These modifications can either be enzymatic, such as the phosphorylation of serine, threonine and tyrosine residues, or non-enzymatic, such as the nitrosylation of cysteine residues. Strikingly, lysine residues are targeted by a particularly high number of PTMs including acetylation, methylation, ubiquitination and sumoylation. Additionally, lysines have recently been identified as the target of the non-enzymatic PTM polyphosphorylation. This novel PTM sees linear chains of inorganic polyphosphates (polyP) covalently attached to lysine residues. Interestingly, polyphosphorylation is indirectly dependent on inositol pyrophosphates, a class of cellular messengers. The attachment of polyP to lysine occurs through the phosphoramidate bond, which, unlike the phosphester bond, is unstable under the conditions used in common mass spectroscopy. This characteristic, together with the diversity of lysine PTMs, suggests that many other lysine modifications may still remain unidentified, raising the intriguing possibility that lysine PTMs may be the major means by which signalling pathways modify protein behaviour.